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0 Projection type liquid crystal display unit 

0 A projection type liquid crystal display unit has dicliroic mirrors capable of dividing a ligtit from a light 
source into R. G and B components which are guided along respective light paths. Each of at least two of these 
light paths is provided with an optical system which includes a pair of polarizing plates, a twist nematic liquid 
crystal and at least one phase plate. The angles of the retardation phase axis of the phase plate and light- 
inten'uption axes of the polarizing plates or. alternatively, the retardation of the phase plate is determined so as 
to improve the light-intenruption of the liquid crystal panel in light-inten-uption mode, thereby enhancing contrast 
of the display image. 

FIG. I 
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PROJECTION TYPE UQUID CRYSTAL DISPLAY UNIT 



BACKGROUND OF THE INVENTION 

The present invention relates to a projection type liquid crystal display unit which exhibits a high quality 
of display image and. more particularly, to an optical arrangement around liquid crystal cell in such a unit. 

5 In recent years, projection type display units have called attention as they can provide a large size 
display relatively easily. In particular, projection type liquid crystal display units, which make use of a liquid 
crystal panel as a light valve, have been developed and have been produced commercially, with compact 
and bright display. Fig. 13 schematically shows an optical system used in an ordinary front projection type 
liquid crystal display unit. White light produced by a light source lamp 51 is collected by means of a light 

10 collecting mirror 52 and is divided by a pair of dichroic mirrors 53. 54 into three components: namely, a 
blue light (B) 55 having wavelengths of 400 to 510 nm, green light (G) 56 haying wavelengths of 490 to 580 
nm and red light (R) 57 having wavelengths of 570 to 700 nm. These lights of three colors are made to 
impinge upon liquid crystal display panels 58, 59 and 60 for blue, green and red colors, respectively, so 
that the light intensities of the lights of the respective colors are spatially modulated. The lights emanating 

15 from these panels are integrated through a pair of dichroic mirrors 61 . 62 to form a composite light which is 
projected on a front screen by means of a projection lens 63. It is thus possible to obtain a color display of 
a large size. A liquid crystal driving circuit capable of controlling the light intensity modulation is connected 
to each of the liquid crystal display panel, so that the display is controlled in accordance with externally 
supplied electrical signals. In general, the liquid aystal panel incorporated in this kind of projection type 

20 liquid crystal display unit is a twist nematic liquid crystal panel (referred to as "TN liquid crystal panel" 
hereinafter) of active-matrix type incorporating thin-film transistors. Fig. 14 shows in section an example of 
such a TN liquid crystal panel of active matrix type. As will be seen from this Figure, the liquid crystal 
display panel has a liquid crystal cell 1 and a pair of polarizing plates 2a. 2b which are arranged on both 
sides of the liquid crystal cell 1. the liquid crystal cell 1 having an an-ay substrate 5a carrying a matrix of 

25 several tens to several hundreds of thousands pixel electrodes 7, a film transistors 9, an opposing substrate 
5b and a liquid crystal layer 6 formed between these substrates. The inner surfaces of the substrates have 
been orientation-treated by, for example, rubbing such that both substrates give orientation in directions 
which substantially orthogonally cross each other. As a result, the liquid crystal molecules in the vicinity of 
the substrates are arranged such that their longer axes are directed in conformity with the orientation 

30 directions, so that the molecules in the liquid crystal layer are arranged in a twisted condition. Any light 
which is transmitted through the liquid crystal cell is rotated due to double refraction characteristics of the 
liquid crystal molecules and twisted arrangement of the liquid crystal molecules. This phenomenon will be 
referred to as "optical rotation" hereinafter. When a voltage is applied to the liquid crystal cell, an electric 
field is generated in the thicknesswise direction of the liquid crystal layer so that the liquid crystal 

35 molecules are rearranged such that molecule axes of the liquid crystal molecules rise up and extend in the 
direction of the electric field, due to dielectric anisotropy of the liquid crystal molecules. As a result, the 
twist of the liquid crystal molecules and. hence, the optical rotation are extinguished. It is therefore possible 
to control the quantity of light passing through the liquid crystal panel by varying the voltage applied to the 
liquid crystal cell through a pair of polarizing plates arranged on both sides of the liquid crystal cell. When 

40 the two polarizing plates are arranged with their transmission axes extending in parallel with each other, a 
mode called "normally black mode" (referred to as "NB mode", hereinafter) is obtained in which the display 
becomes dark when no voltage is applied, whereas, when the an-angement is such that the transmission 
axes of these two polarizing plates are orthogonal to each other, a mode called "normally white mode" 
(referred to as "NW" mode, hereinafter) is obtained. The NB mode is preferably used as the liquid crystal 

45 panel of a projection type liquid crystal device because this mode presents a greater ratio of opening and, 
hence, a brighter display. 

The optical rotary power in the liquid crystal layer varies according to the wavelength, so that the 
transmittance of the liquid crystal panel varies depending on the wavelength. This phenomenon will be 
referred to as optically rotatory dispersion. The liquid crystal panels for R. G and B colors, which receive 
50 lights of different wavelengths, are required to have optical characteristics adapting to the respective 
wavelength regions. Therefore, in order to conduct a dark display or a display with a certain degree of 
contrast in NB mode, it is necessary that the liquid crystal panels for B, G and R colors have thicknesses 
which ar determined in accordance with the wav length r gions of the respective colors or that the angles 
at which the optical axes of the polarizing plates are set are determined In accordance with the wav 1 ngth 
r gions of the r spectiv colors. Fig. 15 shows spectral transmission characteristics of 8. G and R panels 
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having different thicknesses of the liquid crystal iayer, as observed when these panels are in dark display 
state. The panel for B color interrupts light of wavelengths around 460 nm, while panels for G and R colors 
int rrupt lights of wav I ngths around 540 nm and 610 nm, respectively. The wavelength regions of lights 
interrupted, however, are narrow due to optically rotatory dispersion. 

5 Rg. 16 shows intensify distributions of the light impinging upon these panels. These lights have been 
obtained by separation through dichroic mirrors and have wavelength region widths of about 100 nm. Such 
widths are necessary for obtaining a bright display. The panels shown in Fig. 15, therefore, cannot 
satisfactorily interrupt the light shown in Fig, 16. so that a display with high contrast and display of pure 
black color cannot be conducted with the composite light composed of these three color lights. The levels 

10 of contrast obtained in the above-described display unit are shown below. 
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It is also to be pointed out that, in a projection type liquid crystal display unit which employs a high- 
power light source, the temperature of the whole unit and of the liquid crystal display panel is gradually 
raised to a level about 20 *C higher than the room temperature so as to cause a change in the spectral 
characteristic of the liquid crystal panel. Thus, the wavelength of minimum transmittance in each liquid 
crystal panel is shifted to the shorter wavelength side in amount of about 20 nm. As a result, the deviation 
of the optical characteristics of the liquid crystal panel from the color light of intensity distribution shown in 
Fig. 16 is increased to further degrade the quality of the display image. Furthermore, the liquid crystal 
display unit of the type described necessitates liquid crystal cells of different thicknesses for different colors 
and, hence, a complicated production process is required to hamper the production. 

The liquid crystal display unit of the second-mentioned type, i.e., the unit in which the display panels 
for 8. G and R colors have different set angles of polarizing plates, exhibits light interrupting characteristics 
still inferior to those shown in Rg. 15. so that the quality of the display image is inferior even in comparison 
with that of the first-mentioned type of liquid crystal display unit 

In order to obviate the above-described problems, the specification of Japanese Patent Unexamined 
Publication No. 1-277282 proposes a method in which the liquid crystal panel for each color is pro^nded 
with a compensation liquid crystal cell which has the same value of the product And of the double refraction 
index An and the liquid crystal layer thickness d (And = Anx d) as the color liquid crystal panel and a 
twisting direction opposite to that of the color liquid crystal display panel. This method makes it possible to 
obtain a display image of a high contrast, as well as a pure black display. Unfortunately, however, this 
method causes about 30% reduction in the brightness, making it difficult to obtain a display of high level of 
brightness. Furthermore, this method undesirably raises the production cost, because the number of the 
liquid crystal celts employed is doubled. 

Thus, the known projection type liquid crystal display units and display method have suffered from 
problems such as incompatibility between bright level of display and ability to conduct high-contrast and 
pure black display, degradation of the display image quality due to a temperature change, and high 
production cost. 



^ SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide a projection type liquid crystal display 
device which can overcome the above-described problems of the prior art 

According to the present invention,there is provided a projection type liquid crystal display unit having a 
plurality of light paths for lights of different wavelength regions, characterized in that each of at least two of 
the light paths is provided with an optical arrangement which has a pair of polarizing means, a twist nematic 
liquid crystal cell and at least one phase plate, wherein the optical arrangements associated with different 
light paths have different values of directions of on ntation of th liquid crystal cell substrates and angles 
form d b tween th retardation axis of the phase plate and the light interruption axis of the polarizing 
means, or different retardation values of the phase plate. 

According to this arrangement, It is possible to improve both the light interruption characteristic in dark 
display mode and brightness level in bright display mode of a liquid crystal panel used in projection type 
liquid crystal display unit. With this liquid crystal panel, it is possible to project and display an imag with a 
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high contrast and to conduct a pure black display with a good image quality. In addition, reduction in th 
image contrast and change in the display color, attributable to a change in temperature of the liquid crystal 
ceil, can be suppressed advantageously. Furthermore, a plurality of liquid crystal cells used In the liquid 
crystal display unit can have the same optical characteristics, so that liquid crystal cells of an identical 

5 construction can be used for different colors. In addition, it is not necessary to employ any compensation 
liquid crystal cell. Thus, the production cost can be reduced appreciably. 

By placing a phase plate having the double refraction characteristic between the liquid crystal cell and 
the polarizing means, it is possible to change the state of polarization of the light before and after passing a 
liquid crystal cell, and to vary the spectral transmission characteristic of the optical arrangement composed 

10 of two polarizing means, phase plate and the liquid crystal celL This feature makes it possible to obtain a 
characteristic in which light interruption in dark display and high transmittance in bright display are 
compatible. i.e., spectral transmission characteristics corresponding to the light intensity distribution of the 
incident light, by suitably determining the angles of optical axes of the phase plate and polarization means. 
Furthermore, in view of a change in spectral transmission characteristic due to change in temperature, the 

75 initial spectral transmission characteristic is selected such that the interruption of light in dark display can 
be conducted over a wide range of wavelength, so that degradation of the image quality due to change In 
the temperature can be reduced. 



20 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in more detail with reference to the accompanying drawings in 
which: 

Rg. 1 is a schematic illustration of the whole optical system in a first embodiment of the present 
25 invention; 

Rg. 2 is an illustration of the spectral characteristic of the light incident upon each liquid crystal panel 
incorporated in the embodiment shown in Rg. 1 ; 

Rgs. 3A and 38 are illustrations of set angles of optical axes; 

Rg. 4 is a graph representing the optical characteristic of the first embodiment, showing, in particular, 
30 the transmission characteristic in dark display operation: 

Fig. 5 is a schematic illustration of the whole optical system in a second embodiment of the present 
invention; 

Rgs. 6A to 6C are illustrations of set angles of the optical axes in the second embodiment; 

Rg. 7 is a graph representing the optical characteristic of the second embodiment, showing, in 
35 particular, the transmission characteristic in dark display operation; 

Rg. 8 is an illustration of the set angles of optical axes in the optical component used in a third 
embodiment of the present invention; 

Rg. 9 is a graph representing the optical characteristic of the third embodiment, showing, in 
particular, the transmission characteristic in dark display operation; 
40 Figs. 10A to IOC are illustrations of the set angles of optical axes in the optical component used in a 

fourth embodiment of the present invention; 

Fig. 11 is an illustration of the set angles of optical axes in the optical component used in a fifth 
embodiment of the present invention; 

Rg. 12 is a schematic illustration of a mechanism for adjusting setting angles of the optical axes in 
45 the first embodiment of the present invention; 

Rg. 13 is an illustration of an optical arrangement used in an ordinary fonvard projection type liquid 
crystal display unit; 

Rg. 14 is a sectional view of an ordinary liquid crystal panel used in a projection type liquid crystal 
display unit; 

50 Fig. 15 is an illustration of optical characteristics of an ordinary liquid crystal panel used in a 

projection type liquid crystal display unit, showing particulariy the spectral transmission characteristic in 
dark display operation; and 

Fig. 16 is a graph showing the spectral characteristic of a light incident upon a liquid crystal panel of 
an ordinary fonvard projection type liquid crystal display unit. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Rrst Embodiment 

A description will be given of a first mbodiment of the present invention. This embodiment is a front 
projection type liquid crystal display unit in which a pair of phase plates are used for each of the liquid 

5 crystal cells so as to effect compensation on the light coming out of the liquid crystal cell thereby providing 
projection display of a high quality. 

Figs. 1 and 3a to 3c are illustrations of construction of the first embodiment. More specifically. Fig. 1 is 
a schematic illustration of the optical system incorporated in the projection type liquid crystal display unit 
The construction of the whole optical system is substantially the same as that of the known apparatus. 

10 Thus, a white light from a light source lamp 51 is divided into blue, green and red lights 55. 56 and 57 by 
means of a pair of dichroic mirrors 53 and 54. and these lights of blue, green and red colors are 
respectively introduced to three liquid crystal panels 58. 59 and 60. Fig. 2 illustrates the intensity 
distributions of the blue, green and red lights 55, 56 and 57. 

Rgs. 3A to 3C shows set angles of optical axes in three optical arrangements which are respectively 

T5 disposed in the light paths for blue, green and red color lights 55. 56 and 57, each anrangement including 
polarizing plates. TN liquid crystal cell and phase plates. The pair of polarizing plates and tine optical 
elements sandwiched between tiie polarizing plates will be collectively referred to as a liquid crystal panel. 
Thus, each liquid crystal panel has, as shown in Figs. 3A to 3C. a pair of polarizing pates 2a. 2b. a liquid 
crystal cell 1 and a pair of phase plates 3a. 3b. The phase plates 3a. 3b are disposed between the liquid 

20 crystal cell 1 and the light-emitting polarizing plate 2b. The liquid crystal cell 1 is of NB mode having about 
90.000 pixels, and has a sectional construction which is the same as ttiat shown in Rg. 4. These three liquid 
cells 1 are identical both in construction and optical characteristic. Each liquid crystal has a rightward twist 
at an angle of 88* . The double refraction index An of each liquid crystal is 0.093, and tiie thickness of each 
liquid crystal layer is 5.0 um. 

25 The set angle of the optical axis and the direction of twist of the liquid crystal are defined as follows. 
Namely, counter-clockwise and clockwise directions of tiie set angle as viewed from the light emitting side 
are defined as being positive and negative, respectively. While a twisting direction which presents 
counterclockwise rotation as viewed from the light emitting side as the light proceeds is determined as 
rightward twist. 

30 In ttie panel for the blue color light B. the phase plate 3a on tiie light incident end has a retardation 
value And of 300 nm. while tine phase plate 3b on the light emitting side has a retardation value And of 450 
nm. These phase plates have optical axes which are set in the manner shown in Rg. 3A. The direction 11b 
of orientation of the light-emitting side of the liquid crystal ceil, retardation phase axes 13a. 13b of two 
phase plates, and the direction 12b of transmission axis of the light emitting side polarizing plate are 

35 arranged with leftward twist in relation to the direction of running of the light. In addition, tiie retardation 
phase axis 13b of tiie light-emitting side phase plate is rotated through 90* from the direction 12b of the 
transmission axis. In the panel for the G color, both phase plates 3a, 3b have a retardation value And of 300 
nm. The optical axes are set in the manner shown in Rg. 3B. Thus, the arrangement of tiie optical axes is 
substantially the same as that in the panel for the B color, although the values of angles are different. In the 

40 panel for the R color, two phase plates 3a, 3b have the same retardation value: namely. And of 450 nm. 
The optical axes are arranged in a manner shown in Rg. 3C. Namely, the retardation phase axes 13a. 13b 
of two phase plates and the direction 12b of the transmission axis of the light-emitting side polarizing plate 
are arranged with a leftward twist with respect to the direction of running of tiie light, but the retardation 
phase axis 13a of the incident-side phase plate forms about 90* to the direction lib of orientation of the 

45 light-emitting side of the liquid crystal cell. 

Rg. 4 illustrates the optical characteristics of the panels for the respective colors. More specifically, tills 
Rgure is a graph showing the spectral transmission characteristics as obtained when no voltage is applied. 
The ti-ansmittance is lowered in the wavelength regions corresponding to ttie light intensity distributions of 
tiie lights incident upon tiie panels shown in Rg. 2. tiius proving superior light intenrupting characteristics. 

50 The conti-ast levels exhibited by these panels for tfie respective panels at cell temperature of 25 C are 
shown in the following table. 
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It will be seen that a remarkable improvement in contrast has been attained as compared with 
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conventional arrang ment In this embodiment, as shown in Fig. 4. the wavelength region of low transmit- 
tance of each panel is expanded slightly in the long r-wavelength side from th intensity distribution of the 
light source shown in Fig. 2, in order to maintain good light interrupting effect even when the liquid cell 
temperature is raised. This measure is quite effective particularly in a projection type liquid crystal display 
unit in which the temperature of the liquid crystal cell tends to become high. It was confirmed that the 
contrast of levels substantially the same as those at 25*C is obtainable when the liquid crystal cell 
temperature is raised to 45* C. 

The described arrangement also improves the brightness of the display when voltage is applied. The 
luminance levels of the panels are shown below in terms of percentage to that obtained in conventional 
arrangement. It will be understood that a remarkable improvement in luminance has been achieved in the 
liquid crystal panels for blue and green colors, although the luminance of the panel for red is substantially 
the same as that in the conventional arrangement. 
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It is also to tie noted that the variation in the color tone in a halftone display is reduced as compared 
with the conventional arrangement, and color reproducibility of the projection display also is improved. 

Although a front projection type display unit has been described, it was confirmed that superior quality 
of the display is obtainable also when the embodiment is applied to a rear projection type display unit. 



Second Embodiment 

A description will be given of a second embodiment of the invention which is a rear projection type 
liquid crystal display unit having a display screen size of 40 inches. In this embodiment the phase plates 
are used only for one of the liquid crystal cells so as to realize a superior quality of projected display at a 
low cost, 

Rgs. 5, 6A, 68 and 6C are illustrations of a second embodiment of tiie present invention. More 
specifically. Fig. 5 is a schematic illustration of the optical system of the projection type liquid crystal 
display unit of the second embodiment, arranged to project lights from the rear side of a screen 64. The 
light source, the optical system and the screen are constructed as a unit. A white light emitted from a light 
source lamp 51 Is divided into blue, green and red color lights 55, 56 and 57 by means of a pair of dichroic 
mirrors 53 and 54 and these lights are applied to three liquid crystal panels 58. 59 and 60. respectively. 
The intensities of the respective colors are modulated by the respective panels and the thus modulated 
color lights are projected through lenses 63 onto tiie screen 64 so that a composite color display is 
obtained on the screen 64. The blue, green and red color lights 55, 56 and 57 have the same intensity 
distributions as those in Example 1 shown in Rg. 2. 

Rg. 6a shows set angles of optical axes in an optical arrangement which is disposed on the light path 
of the blue color light 55 and which has a pair of polarizing plates, a TN liquid crystal cell and phase pates. 
Similarly. Rgs. 6a and 6b show tiie setting angles of optical axes of the optical arrangements which are 
disposed on the patiis of green and red color lights 56. 57 and each of which is composed of a pair of 
polarizing plates and a TN liquid crystal cell. Thus, in this embodiment, the phase plates 3 are used only in 
the optical arrangement associated with tiie panel for blue color light, while the panels for the green and red 
colors are devoid of any phase plate. Namely, in this embodiment, the phase plate is used only for the blue 
color which exhibits the greatest influence of optically rotatory dispersion, in order to attain an appreciable 
effect in improvement of image quality witii a reduced cost. The liquid cell 1 used in this embodiment is of 
NB mode and has a construction which is the same as that shown in Rg. 14. All the three cells have 
identical construction and optical characteristics. The double refraction index An of the liquid crystal Is 
0.093. while the thickness of tiie liquid crystal layer is 5.0 am. The retardation value And of the phase plate 
used for tiie blue color panel is 270 nm. As will be seen from Fig. 6A, the direction 1 lb of orientation of the 
light-emitting side of th liquid crystal, th retardation phase axis 13 of the phase plate and the direction 12' 
of the light intenruption axis of the light-emitting side polarizing plate are an^anged with leftward twist with 
respect to the direction of running of the light. 

Rg. 7 shows the optical characteristics of the panels for respective colors. In this Figure, the solid-line 
curves show sp ctral characteristics of the panels used in this embodiment as observed wh n no voltag is 
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applied, while the broken line shows the characteristic as obtained when no phase plate is used in the blue 
color panel. From this Rgure. it will be seen that the wavelength region of low transmittance is widened in 
the panel for blue colors, thus showing an Improvement in the light Interruption characteristic. As a result 
the contrast of the pan I for blue color has been improved to a level which is twice as high as that obtained 
5 when no phase plate is used. Thus, the second embodiment showed a display quality which Is rather 
Inferior to the first embodiment but is still much better than that produced by the conventional arrangement. 



Third Embodiment 

10 

A third embodiment of the present invention will be described hereinunder. This embodiment is a liquid 
crystal display unit of forward projection type. In this embodiment the liquid crystal layer thickness of liquid 
crystal cells are optimized for the wavelengths of the incident lights, and a pair of phase plates are used in 
combination with each of the liquid crystal cells for the respective colors, so as to realize projection display 

75 with a high image quality. 

The basic arrangement of the optical system in this projection type liquid crystal display unit is 
substantially the same as that of the first embodiment shown in Rg. 1. Therefore, the intensity distributions 
of the blue, green and red color light 55. 56 and 57 are the same as those shown in Rg. 2. Rg. 8 shows the 
setting angles of optical axes of the liquid crystal panels which are disposed in the light paths for the blue, 

20 green and red colors. All these liquid crystal panels have Identical set angles of optical axes. Namely, each 
of the liquid crystal panel is composed of a pair of polarizing plates 2, a liquid crystal cell 1 and a pair of 
phase plates 3. The phase plates 3 are disposed between the incident-side polarizing plate 2b and the 
liquid crystal cell 1. The direction lib of orientation of the light-emitting side of the liquid crystal cell, the 
retardation phase axes 13a. 13b of two phase plates, and the direction 22b of the light-interruption axis 22b 

25 of the light-emitting side polarizing plate are arranged in leftward twist with respect to the direction of 
running of light. The phase plates of the panels for different colors have different retardation values. More 
specifically, the phase plates used in the panel for the blue color B has a retardation value And of 240 nm, 
while the phase plates of the panels for the green and red colors G and R have retardation values And of 
270 nm and 300 nm, respectively. The liquid crystal cell used in this embodiment is of NB mode and has a 

30 high-density active matrix having alxjut 300.000 pixels. The construction is the same as that shown by 
sectional view in Rg. 14. The thicknesses of the liquid crystal layers of the panels for blue, green and red 
colors are 4.4 jutm, 5.0 um and 5.7 urn. In each case, the liquid crystal has rightward twist of a twist angle 
of 88* . The double refraction index An of the liquid crystal is 0.0935. 

Rg. 9 shows optical characteristics of the panels for the respective colors having above-described 

35 constructions. More specifically, this Rgure is a graph showing spectral transmittance characteristics as 
observed when no voltage is applied. It will be seen that the wavelength region of low transmittance is 
widened so as to provide superior light intenruption characteristic. Thus, the third embodiment exhibits 
contrast levels higher than those exhibited by the first embodiment. In addition, degradation of contrast in 
response to temperature change is reduced and fine image of projection display is obtainable. In fact, a full- 

40 color display of sufficiently high image quality was obtained even when enlarged to 100 inch display size. 



Fourth Embodiment 

45 This embodiment is a projection type liquid crystal display unit which employs NW mode liquid crystal 
panels. The liquid crystal panel of NW mode is bright when voltage is not applied and becomes dark when 
a voltage is applied. This type of liquid crystal panel, therefore, is not affected by optically rotatory 
dispersion in dark display operation, and can provide good light intenruption characteristic and high contrast 
without difficulty. Unfortunately, however, this type of liquid crystal panel is unsatisfactory in the brightness 

50 level which is an important factor in projection type display unit. This Is attributed to the fact that the 
opening ratio is not so large in NW mode liquid crystal and influence of optically rotatory power of the liquid 
crystal in bright display operation. In this embodiment, therefore, the influence of optically rotatory power in 
bright display is eliminated by addition of phase plates so as to enable projection display at a high level of 
brightness. 

55 Th projection system itself is the same as that used in the first embodiment The construction of the 
liquid cells also are identical to those of the first embodiment. In this embodiment, however, driving circuits 
for NW mode liquid crystal are connected to the liquid crystal cells. 

Figs. 10A. 10B and 10C show constructions of the liquid crystal panels for blu . green and red colors. 
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Each of thes liquid crystal panels has a pair of polarizing plates 2, a liquid crystal cell 1 and a pair of 
phase plates 3. The pair of phase plates 3 are disposed between the liquid crystal cell 1 and the emitting- 
side polarizing plates 2b. All the phase plates have a retardation value And of 300 nm. 

This mbodiment showed about 20% Increase in the luminance in bright display operation, thus offering 
5 good quality of color projection display image. 



Fifth Embodiment 

10 This embodiment is a liquid crystal display unit in which compensation liquid crystal cells are used to 
compensate for influence of optically rotatory dispersion and, in addition, phase plates are incorporated so 
as to provide superior display characteristics over the entire area of the display screen including comers. 

The system for compensating for influence of optically rotatory dispersion provides excellent lightinter- 
ruption characteristics over a wide wavelength region, as well as superior contrast and color reproducibility. 

75 This system, however, suffers from a problem in that the image quality tends to be degraded in the 
peripheral portions of the display screen, due to insufficient brightness in the bright display or restricted 
range of light incident angle which provided good display characteristics. In this embodiment, a pair of 
phase plates having optical axes which are substantially perpendicular to each other are used so as to 
widen the range of the light incident angle which provides good display characteristics, while eliminating 

20 degradation in the image quality in the peripheral portion of the display screen. 

The optical system of the projection system itself is substantially the same as that shown in Rg. 1. A 
compensation liquid crystal ceil 5 and a pair of phase plates 3a, 3b are disposed between the display liquid 
cell 1 and the light-emitting side polarizing plate 2b. The liquid crystal panels for blue, green and red colors 
have an identical construction. Namely, in each of the liquid display panels for blue, green and red colors, 

25 the display liquid crystal cell 1 has a rightward twist at twisting angle of 88* , double refraction index An of 
the liquid crystal of 0.095 and a liquid crystal layer thickness of 4.8 um. In contrast, the compensation liquid 
crystal cell 4 has a leftward twist at twisting angle of 88* . The double refraction index and the liquid crystal 
layer thickness are the same as those of the display liquid crystal cell 1 . All the phase plates used in this 
embodiment has an equal retardation value And of 300 nm. The pair of phase plates for each color are 

30 an-anged that their optical axes are orthogonal to each other. 

It was confirmed that the above-described arrangement provides good display characteristics with 
superior contrast and color reproducibility over the entire area of the projection screen including peripheral 
and comer portions thereof when image is enlarged and projected on the screen. 

35 

Sixth Embodiment 

A sixth embodiment of the invention will now be described. This embodiment is applicable to any of 
preceding embodiments and features a mechanism which enables adjustment of set angles of the optical 

40 axes of the phase plates and polarizing plates. This angle adjusting mechanism enables compensation for 
any degradation such as a change in the color tone caused by. for example, a change in temperature or 
degradation of lamp and polarizing plates. In addition, it is possible to mechanically effect delicate 
adjustment of angle and colors of image on display so as to optimize the image quality. 

This embodiment makes use of three liquid crystal panels for blue, green and red colors, respectively, 

45 each panel including a single phase plate. The overall construction is the same as that shown in Rg. 5. Rg. 
12 schematically illustrates the optical axis angle adjusting mechanism for one of the liquid crystal panels 
used in this embodiment. The angle adjustment is effected both on the phase plate 3 and the light*emitting 
side polarizing pate 2b. The phase plate 3 and the polarizing plate 2b are secured to holders 77 and 78 
which are pivotable around the axis of a shaft 79. A temperature sensor 71 disposed in the vicinity of the 

60 liquid crystal cell 1 is capable of sensing the temperature of the liquid crystal cell 1 . A temperature signal 
derived from the temperature sensor 71 is suitably processed by a controller 72 which controls a motor 73 
so that the set angles of the phase plate 3 and the light-emitting side polarizing plate 2b are changed 
through gears 74. 75 which are secured to the motor shaft 

This embodiment, when combined with any one of the first to fifth embodim nts descrit^ed before, 

55 enables compensation for any change caused by a change in temperature, thus making it possible to 
maintain good quality of image initially set on the display unit. 

Although the sixth embodiment as described employs only one driving motor, this is not exclusive and 
two or more driving motors may be used to control the angles of the respective optical elements, so as to 
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enable a more delicate compensation against change in temperature. 

In tiie embodiments described hereinbefore, a film which generates a phase difference of light, 
produced by drawing polycarbonate or polyvinylalcohol, is used as the phase plates. According to the 
invention, however, any suitable optical material which exhibits double refraction and high transmission may 
5 be used as the material of the phase plate. For instance, a crystalline optical material such as quartz can be 
used equally well. 

In tiie embodiments described hereinbefore, polarizing plates made of polymeric films are used as the 
polarizing means. In tiie projection type liquid crystal display unit of the invention, however, the polarization 
may be effected by other types of polarizing means such as a polarization beam splitter disposed in the 
70 path of light. 

It Is also to be noted tiiat, when a plurality of phase plates are used for each panel, these phase plates 
may be arranged on both sides of the liquid crystal cell, although in tiie described embodiments the phase 
plates are disposed on the same side of the liquid crystal cell. 

As will be understood from the foregoing description, according to the present invention, it is possible to 

75 obtain a projection type liquid crystal display unit having improved light-inten-uption characteristic in dark 
display operation, as well as improved contrast and color reproducibility. In addition, it is possible to 
eliminate any coloring of display In the absence of voltage and to perform display at a high contrast level, 
without suffering from offset of color tone when a voltage is applied and without any difficulty. Thus, the 
present invention provides a direct visual type image display panel and projection type display unit which 

20 have superior display characteristics and which can display images of good quality. 



Claims 

25 1. A projection type liquid crystal display unit having a plurality of light paths for lights of different 
wavelength regions.characterized in that each of at least two of tiie light patiis is provided with an optical 
arrangement which has a pair of polarizing means, a twist nematic liquid crystal cell and at least one phase 
plate, wherein the optical arrangements associated witii different light paths have different set angles of the 
orientation of the liquid crystal cell substrates, retardation phase axis of said phase plate and the light 

30 interruption axes of said polarizing means, or different retardation values of said phase plates. 

2. A projection type liquid crystal display unit having a plurality of light paths for lights of different 
wavelength regions,characterized in that one of said light paths for a light of the shortest wavelength region 
is provided with an optical arrangement which has a pair of polarizing means, a twist nematic liquid crystal 
cell and at least one phase plate. 

35 3. A projection type liquid crystal display unit according to one of Claims 1 and 2. wherein, at least in 
one of said optical arrangements, the retardation phase axis of said phase plate and the transmission or 
light interruption axis of said polarizing means adjacent to said phase plate are inclined with respect to the 
direction of orientation of the liquid crystal cell substrate adjacent to said phase plate at an angle of 0 to 
45* in the direction counter to the direction of twist of said liquid crystal. 

40 4. A projection type liquid crystal display unit according to Claim 3, wherein, at least in one of said 
optical arrangements, said polarizing means and said liquid crystal cell have surfaces contacting each otiier. 
and wherein tiie axis of direction of orientation of the liquid crystal cell substrate adjacent to said phase 
plate, the retardation phase axis of said phase plate and the transmission or light-interruption axis of the 
polarizing means adjacent to said phase plate are arranged with a twist in the direction counter to the 

45 direction of twist of said liquid crystal, such that the adjacent axes form an angle of 0 to 45* therebetween. 

5. A projection type liquid crystal display unit according to one of Claims 1 and 2, wherein at least one 
of said optical arrangements has a pair of phase plates anranged such tiiat the retardation phase axes of 
said phase plates are substantially orthogonal to each other. 

6. A projection type liquid crystal display unit according to one of Claims 1 and 2, wherein, at least in 
50 one of said optical arrangements, the direction of orientation of the liquid crystal celt substrate adjacent to 

said phase plate and at least one of tiie retardation phase axis of said phase plate and the light-interruption 
axes of said polarizing means are rotated 90* from the angles set forth in Claims 3 and 4. 

7. A projection type liquid crystal display unit according to one of Claims 1 and 2, wherein at least one 
of said optical arrangem nts has a compensation liquid crystal cell, the liquid crystal of said compensation 

55 liquid crystal cell being twisted in tiie direction opposite to said liquid crystal cell substantially at the same 
twist angl as said liquid crystal cell, tiie liquid crystal of said compensation liquid crystal cell having 
substantially th same value of the product And of the refraction anisotropy An and cell thickness d as tiiat 
of said liquid crystal cell. 
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8. A projection type liquid crystal display unit according to one of Claims 1 and 2, wherein said phase 
plate is a film capable of generating a phase difference of light and formed by drawing polycarbonate or 
polyvinyl alcohol. 

9. A projection type liquid crystal display unit according to one of Claims 1 and 2, wherein at least one 
5 of said optical arrangements has set angle adjusting means for enabling adjustment of at least one of the 

set angle of the retardation phase axis of said phase plate and set angles of light-inten-uptlon axes of aid 
polarizing means. 

10. A projection type liquid crystal display unit according to Claim 9. further comprising temperature 
sensing means, said set angle adjusting means being operated in accordance with the output from said 

10 temperature sensing means so as to adjust at least one of the set angle of the retardation phase axis of 
said phase plate and set angles of light-interruption axes of said polarizing means. 
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FIG. 6B 
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FIG. 9 
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FIG. 12 
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